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Utiitization of Coal Tar Bases
Francis E, Cislak

Reilly Tar & Chemical Corporation, Indianapolis, Indiana

The carbonization of coal gives rise to a complex mixture of hun-
dreds of chemical compounds. Most of these compounds fall into one of
three groups: hydrocarbons, acids, and bases. The coal tar bases are
nitrogen compounds. The nitrogen atom is in the ring, as in pyridine,
or it is attached to the ring as in aniline. Of the large number of
compounds that are included in the category of coal tar bases, only
pyridine and its simpler homologs are considered in this presentation.

Narrating the actual uses to which pyridines are put would be one
way of discussing the utilization of coal tar bases. PFerhaps a more
stimulating approach is the one adopted herein, that is, a presenta-
tion of an outline of some chemical reactions of pyridines which are
involved in their utilization.

Quaternization. Pyridine and the alkylpyridines react with aitkyl
haitides, acid chlorides, and with aitkyl or aryl sulfonic esters to form
pyridinium salts. The rate of quaternization is influenced by the na-
ture and position of the substituents on the pyridine ring. Methyl

roups adjacent to the nitrogen decrease the rate of quaternization
?127 . The tendency to quaternize decreases in the order L-picoline)
2-picoline) 2,4 -1lutidine) 2,6-1utidine. A method of purifying 2,6~
iutidine from such contaminants as 3-picoline and Y-picoline, is based
on the fact that 2,6-lutidine quaternizes much more slowly than do the
picolines. The presence of a carboxyl group on the pyridine ring
greatly retards the rate of quaternization. On the other hand, the
?stggs of pyridine carboxylic acids are quaternized rather smoothly
118).

Pyridyl-pyridinium salts wherein the nitrogen atom of a pyridine
nucleus is connected to a carbon atom at the 2-, 3-, or l- position
of a second pyridine molecule are known. N-pyridyl-i-pyridinium di-
chloride, made by the reaction of thionyl chloride upon pyridine (87)
{(21)(11), had been utilized in the preparation of Y- substituted pyri-
dines (75). The recent contributions to the chemistry of pyridine~-N-
oxlde have made N-pyridyl-ij-pyridinium dichloride of less importance
in the preparative methods (30).

2-Vinylpyridine reacts with pyridine hydrochloride to give an al-
most quantitative yield of 2-pyridylethylpyridinium chloride. The re-
action is a general one, similar quaternary compounds are formed with
pyridine thiocyanate, with quinoline hydrochloride, etc. L-Vinylpyri-.
dine reacts in like manner (35).

Quaternary salts of pyridine, of alkylpyridines, as weli as of
other pyridine compounds may be oxidized by potassium ferricyanide to
1- substituted 2-pyridones (123). The nature of the substituent in
the 3- position of a pyrldinium salt determines whether ferricyanide
oxidation gives a 2-pyridone or a 6b-pyridone. If the 3~ position is
occupied by phenyl, 3-pyridyl, carboxy, or carboxy ethyl, 6-pyridones
are formed. If the substituent is bromine, methyl, or ethyl, the oxi-
dation occurs mainly at the 2- position. 3-Cyanopyridine methyl
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fodide appeared to form both 2-, and b-pyridones (22)(141). A more
recent study of the ferricyanide oxidation of the quaternary of l-
phenylethyl-3=-cyanopyridine does not confirm the presence of a 6-
pyridone (14Y).

Methyl iodides of isonicotinic acid esters are oxidized with al-
kaline potassium ferricyanide to h-carboxy-N-methyl-2-pyridone in
yletds up to 96% (55).

5-Alkyl-2-picolinium salts upon oxidation with iodine and pyri-
dine and subsequently treating the resulting compound with dilute
caustic give 1- substituted S-alkyl-2-pyridones (1l4).

The pyridine-N-oxides aiso form quaternary compounds (82)(49).
These compounds are important in the preparation of 2- and L~ substi-
tuted pyridines.

Oxidation. The inertness of pyridine towards oxidizing agents is
one of its outstanding characteristics. Pyridine is not attacked by
fuming nitric acid nor by chromic acid, and even potassium permanga-
nate has but little effect on it.

In spite of its resistance to oxidation, pyridine may be oxidized
quite readily to pyridine-N-oxide. The reaction is usually carried
out with a mixture of hydrogen peroxide and acetic acid (67)(113)(215 )
The formation of the N-oxide linkage is a fairly general behavior of
compounds containing the pyridine nucleus. Alkylpyridines form pyri-
dine-N-oxides; so do alkanolpyridines (31)(17); and acetylpyridines
(82)(129). Nicotinic acid, isonicotinic acid, and picolinic acids

ive the corresponding N-oxides (43)(59)(10), and so do their esters
82)(18), but 2,5-pyridine dicarboxylic acid is not oxidized to the N-
oxide while its dimethyl ester is (118). The pyridine carboxamides
atso form N-oxides in the usual manner (57).

2-Bromopyridine~N-oxide and 2-bromo-6-methylpyri dine-N-oxide are
formed in good yields (3), and so are 3-bromopyridine-N-oxide and 3,5-
dibromopyridine-N-oxide (57). 2-, 3-, and L~pyridine sulfonic acids
are resistant to oxidation by hydrogen peroxide and acetic acid. How-
ever, the sodium salts are readily converted to the corresponding N-
oxides (47). :

In contrast to the stability of pyridine, the alkylpyridines are
attacked by a variety of oxidizing agents. The oxiAs*ion of the pico-
lines, especially of the 3- and L~ isomers, to the’éorrespondlng pyri-
dine carboxylic acids is one of their commercially more important re-
actions.

Potassium permanganate is used to convert the picolines to pyri-
dine carboxylic acids (15)(98)(139). It is aiso useful in preparing
2-aminopyridine carboxylic acids from 2-aminopicoline (53) and L~amino-
nicotinic acid from L-amino-3=-picoline (142). Potassium permanganate
may be used to oxidize selectively a pyridine compound having more than
one oxidizable group. An alkyl group in the 3- position is more
readily oxidized than is one in the L~ position. 3,4,5-Trimethylpyri-
dine oxidized with a 2% aqueous KMnO, gives l,5-dimethylnicotinic acid
and 4-methylnicotinic acid. 3,5-Dimethyl-i=-butylpyridine forms Y~
butyl-5-methylnicotinic acid and L4-butyl dinicotinic acid (148).

L-Methyl picolinic acid can be made from 2-styryl-i-methylpyri-
dine by KMnO, oxidation at 0° to 5° C. (42); L,5-diethyl picolinic
acid from 2-styryi-},5-di ethylpyridine (91); l-isopropyl-5-ethyl pico-
linic acid from 2-styryt-l~isopropyl-5-ethylpyridine (122). Treatment
of 2-styrylpyridine at 200° C. with selenium dioxide gives l-phenyl-2-
(2-pyridyl)-1,2-ethane dione (24).

Nitric acid is an important commercial oxidizing acid. The pico-
lines resist oxidation by nitric acid. Even at {ts boiling point
nitric acid does not oxidize 3-picoline (121). Nitric acid at a tem-

perature of about 230° C, and about 35 atms pressure oxidizes 3-
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plcoline to nicotinic acld (5u% yield) and L-picoline to isonicotinic.
acid (90% yleld)(13). .

A mixture of nitric acid and sulfuric acid or phosphoric acid
gives good yleids of pyridine carboxylic acids from picolines. The
reaction proceeds at atmospheric pressures (39).

Sulfuric acld, with selenium as a catalyst, may also be used to
oxldize picolines to pyridine carboxylic acids (155). The oxidation
of 2,4~1lutidine with sulfuric acid plus selenium gives 29% of 2,L-
pyridine dicarboxylic acid and 18% of 2-methylisonicotinic acid (116)

Pyridine carboxylic acids can be produced by the catalytic vapor
phase alr oxidation of picolines (37). The position of the methyl
group determines the ease of oxidation; the methyl group in the 3=
position is the most resistant to.oxidation (36).

Vapor phase oxidation of picolines with air in the presence of
ammonia or an amine yields cyanopyridines. This method of making
cyanopyridines was first observed in the vapor phase oxidation of
nicotine wherein 3-cyanopyridine was made (38). 3-FPicoline i{s con-
verted to 3-~cyanopyridine by oxidation with sulfur in the presence
of ammonia (143).

_Recent studies on the oxidation of picolines with selenium di-
oxlde show the ease of oxidation to be li-picolined 2-picoline) 3=
picoline.” In fact, 3-picoline is not affected by SeO, and hence is
used as a solvent for carrying out the oxidation of the other pico-
lines. 2,5-Lutidine gives 79% of 3-methyl picolinic acid. 2,4~
Lutidine gives a mixture of 2-methyl isonicotinic acid (44%) and 2,4~
pyridine dicarboxylic acid (76).

Picolinic acid has been prepared by the liquid phase oxidation
of 2-picoline with gaseous oxygen in the presence of a copper salt of
a fatty acid (05); similarly isocinchomeronic acid was made from al=-
dehyde collidine and isonicotinic acid from l-picoline (134).

(89) 3-Picoline has been oxidized electrolyticaily to nicotinic acid
9).

Alkylpyridines may be oxidized to the corresponding aldehydes by
vapor phase oxidation in the presence of a large excess of water vapor.
2-Picoline gives 2-pyridine aldehyde (106); 2,6-lutidine may give b=~
methyl2-pyridine aldehyde, 2,6-pyridine dialdehyde (107) and 6-carboxy
2-pyridine aldehyde (103); 3,5-1lutidine forms 5-methyl-3-pyridine al-
dehyde (105). .

It has been reported that 2-picoline may be oxidized to 2-pyri~
dine aldehyde by means of selenium dioxide (99)(e06)(20).

Useful laboratory methods for the preparation of pyridine alde-
hyde involve the oxidation of pyridyl carbinols with manganese di-
oxide (oi1), selenium dioxide (77), or lead tetracetate (111). 2,6-
bis-Hydroxymethylpyridine is oxidized by SeO, to 2-hydroxymethyl-6-
pyridine aldehyde (104). The 3-pyridylaldehyde has been prepared by
vapor phase oxidation of 3-pyridyl carbinol (69).

3-Pyridine aldehyde, L~-pyridine aldehyde, and 6-methyl=3-pyridine
atdehyde were prepared in good yield by reducing 3-cyanopyridine, U~
cyanopyridine, and o-methyl-3~cyanopyridine with semi-carbazide hydro-
chloride and Raney Nickel, and liberating the aldehyde from the re-
sulting aldehyde semicarbazone by acid hydrolysis in the presence of
meta nitrobenzaidehyde (50). 3-Pyridine aldehyde in 83% yleia has
?ls? been made by the reduction of 3-cyanopyridine with NaHAL1(CEt)s

73).

Isonicotinaldehyde has been made by the ozonlzation of L-styryl-
pyridine (152); 2-pyridine aldenyde by the ozonization of 2-vinyl-
pyridine (25).

Hydrogenation. In contrast to its inertness towards oxidation,
pyridine is rather easily hydrogenated. The complete reduction of
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pyridine to piperidine, i.e. Its hexahydro derivative, iIs a commercial
operation of many years standing. .

‘Various catalysts are useful {n reducing pyridine with hydrogen.
Mickel catalysts, especially Raney Nickel, are suitable for the forma-
tion of piperidine (5). To avoid hydrogenolysis with the formation of
high-boiling by-products, the temperature is kept as low as possible
(7%). The alkylpyridines are readily reduced by hydrogen (Raney Nickel
catalyst) to the corresponding alkylhexahydropyridines (5)(130)(80).

Platinum oxide is a useful catalyst for the laboratory hydrogena-
tion of pyridines. Pyridine poisons platinum oxide catalyst. However,
the hydrogenation of pyridine hydrochloride, or of quaternary salts of
pyridine proceeds very well (61). The slow rate of hydrogenation of
the base itself may be due to the free electrons on the nitrogen.
Through these electrons the pyridine forms a compound with the catalyst
thereby withdrawing the platinum from its role of a catalyst. In the
quaternary salts, the pyridine electrons are tied up, thereby permit-
ting the hydrogenation to proceed many times faster than if free pyri-
dine were used (108). The pyridine when dissolved in acetic acid can
be hydrogenated with platinum oxide (54). v

Piperidine manufactured by the electrolytic reduction of pyridine
contains substantial quantities of tetrahydropyridine; the piperidine
procduced by hydrogenation over Raney Nickel contains no appreciable
amount of the 1,2,5,6-tetrahydropyridine (45). Electrolytic reduction
of 2-methylpyridine gives 2-methylpiperi dine and 2li.4,% of 2-methyl-
1,2,3,b-tetrahydropyridine; 3-methylpyridine gives 3-methyl-1,2,5,6=-
tetrahydropyridine in addition to 3-methylpiperidine; and L-methyl-
pyridine gives Y-methylpiperidine and Y~methyl-1,2,3,6~tetrahydropyri-
dine (51). The electrolytic reduction of quaternary pyridinium salts
gives the same types of products so far as the position of the double
bond is concerned (52).

In the laboratory, sodium and absolute alcochol are frequently
used to reduce pyridine to piperidine (102). This reaction was dis-
cussed in 1884 by Ladenburg (90). It is important that the alcohol
be dry. If 95% ethanol is used, little or no piperidine is produced
but instead the pyridine ring is ruptured and ammonia evolved (136)
(137). Reducing 3-methylpyridine with sodium and absolute butanol
gives in adédition to 3-methylpiperidine, 28.4% of 3-methyl-1,2,5,6-
tetrahydropyridine; h-methylpyridines gives L45% of l-methyl-1,2,3,6-
tetrahydropyridine in addition to L-methylpiperidine (S51). A number
of l-alkylpiperidines were prepared from l~alkylpyridines by reduction
with sodium and butanol followed by hydrogenation with hydrogen in the
presence of palladium. The sodium-butanol reduction gave mainly the
?eir?hydropyridine which was converted to the piperidine by hydrogen

1491}, - .

Reduction of pyridine with LiAlH, gives 1,2-dihydropyridine (19).
LiAlH, reduction of quaternary salts of alkylpyridines gives only the
tetrahydropyridines (51). :

Pyridine carboxylic acid esters are reduced, in good yleld, by
L1ALH, to the corresponding hydroxymethylpyridines (79)(112)(815; but
their quaternaries with LiAlH, give l-alkylhydroxymethyl-tetrahydro-
pyridines (51). '

Catalytic hydrogenation {Ni catalyst) of pyridine in various ali-
phatic alcohols (1 to 16 carbon atoms) gives the corresponding 1-
alkylpiperidine in yields in excess of 70% (133).

Amination. Because of the difficulty of nitrating pyridine, the
usual methods for the synthesis of aromatic amines are not available
for the preparation of aminopyridines. The nitration of pyridine pro-
ceeds only under drastic conditions, fuming sulfuric acid and potassium
nitrate plus a temperature in excess of 300° C.; the nitro group enters
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the 3- position; the yield is only 15% (84). When especially high
temperatures are used, the nitro group occupies the 2- position (Lv).
Poly-alkylpyridines are somewhat easier to nitrate, the reaction con-
ditions are milder, and the yields are better (120).

while pyridine is difficult to nitrate, pyridine-N-oxide is
readily nitrated; the nitro group enters the [~ position (115), The
nitration can be carried out at water-bath temperatures with a mixture
of nitric and sulfuric acids; the yield is above 80% (83). The ease
of nitration extends to the alkylpyridine-N-oxides and to various de-
rivatives of pyridine-N-oxide.

The l-nitropyridine-N-oxides are readily reduced and deoxygenated
to the corresponding li~aminopyridines. Various reducing agents have
been used, e.g. iron and acetic acid (115), hydrogen with Raney
Nickel (L1)(63), hydrogen with palladium in acetic anhydride (48). l-
Nitropyridine-N-oxides offer a good route to l-aminopyridines.

Prior to the l-nitropyridine-N-oxide approach to the synthesis
of Lh-aminopyridine, it was prepared by the Hofmann degradation of iso-
nicotinamide (93)(11l) or from h-pyridyl pyridinium dichloride and am-
monium hydroxide (87)(6). The latter method has also been used for
making j-amino-3-methylpyridine (Ll).

The most convenient method for preparing 3-aminopyridine is from
nicotinamide (7); it may also be prepared from 3-btromopyrldine and
aqueous ammonia in the presence of copper sulfate (97).

In 191l the Russian chemist, Chichibabin, discovered a most in-
teresting and useful reaction for i~troducing an amino group onto the
2- vosition of the pyridine nucleus. He found that pyridine reacts
with sodamide to form 2-aminopyridine (92). The amino group goes al=
most exciusively into the 2- position, only a trace of ly~aminopyridine
is formed; no 3-aminopyricine is found.

2-Aminopicolines may be prepared by reacting the picolines with
sodamide (135). In the case of 3-picoline, the two carbon atoms ad-
Jacent to the nitrogen are different because of their relation to the
3-methyl group. Sodamide gives two aminopicolines when it is reacted
with 3-picoline, that is, 2-amino-3-picoline and 6-zmino-3-picoline;
the former predominates (3l).

Pyridine and 2-picoline have been aminated in the alpha position
with alkylamines by ref:iuxing the pyridine with a slight excess of
the alkyliamine and a stoichiometric amount of sodium (88).

Alkylation. There are several interesting reactions available for
the alkylation of the pyridine ring. Arens and Wibaut found that an
alkyl group may be introduced onto the lj- position of pyridine by the
action of zinc dust on a mixture of pyridine, an organic acid anhydride
and the corresponding organic acid (9)(56). This reactionis not ap-
plicable to alpha substituted pyridines; it cannot be used to introduce
an alkyl group onto the lj- position of 2-picoline, 2-aminopyridlne,
picolinic acid, nor of 2-chloropyridine {153). The reaction proceeds
in a “normal* manner with 3-picoline (140). Iron powder may be used

in place of zinc dust (i15h4). :

At the Reilly Laboratories we found that pyridine as well as
atkylpyricines may be alkylated by the use of aiiphatic acid salts of
tetravalent lead (128). By this means alkyl groups containing one
less carton atom than the acid radical of the lead salt are produced;
the alkyl group enters both the 2- and the !- positions {f they are
open. The reaction of 3-butyipyridine with lead tetra-acetate gives
a mixture of 3-butyi-2-methylpyridine (15%), 5-butyl-2-methylpyridine
(5%), 3-butyi-2,6~dimethylpyridine (1.5%), and 3-butyl-l-methylpyri-
dine (5%) (e2). .

Lithium alkyls and phenyl lithium are used to introduce an alkyl
or phenyl group onto the 2- position of pyridine (156), of 3-picoline
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(1), of 3-aminopyri{dine and 3~methoxypyridine (2)}.

In 1936 Chichlbabin described the alkylation of 2-picoline and of
y-plcoline by reacting the picolines with sodamide to form picolyl-
sodium and reacting the latter compound with an alkyl halide (29). The
activity of the hydrogen atoms in the methyl groups of 2- and L~pico=--
Line 1Is ascribed to the ability of these picolines to take part in
resonance with the azomethine linkage of the pyridine ring. Since 3-
picoline cannot participate in such resonance, it was long believed
that 3-picoline could not be alkylated by the Chichibanin method. In
1951 Brown and Murphey (23) showed that 3-picoline may be alkylated
by the sodamide method.

The Chichibabin method of alkylating picolines is of general ap-
plicability, both the lower alkyl halides as well as long chalned ones
Tay)be used (86). Substituted picolines may be alkylated (101)(8)(132)

26).

2,4,6-Collidine presents an opportunity of attaching an alkyl group
on either of the aipha methyl groups or onto the methyl group in the
lj- position. We found that the sodamide method introduces the ailkyl
onto the L-methyl group (33). 2,4-Lutidine is also alkylated at the
L- position (95¥.

Zlegler and Zeiser (156) showed that phenyl-lithium reacts with
2-picoline to form 2-picolyl-llthium which may be reacted with alkyl-
hal ides to attach an alkyl group onto the 2-methyl group. This re-
action has been applied to the preparation of a number of 2-picolyl
compounds. with 2-bromopyridine there is formed 2,2'-dipyridylmethane
(117). wWith chloroacetylenes, 2-pyridylacetylenes are prepared {53).
1-(2-Pyridyl)-ii~chloro-3-pentene was made from l,3-dichloro-3-butene
E?i;. 2-Pyridylmalondinitrile was made from N-methyl-N-cyanoaniline

94 . .

In contrast to the ease of introducing groups onto the l-methyl
group through the intervention of sodamide, attempts to use the lithium
method have not been tawsatisfactory (117)., The usual manner of making
2-picolyl-lithium is to prepare a solution of phenyl 1lithium and then
add 2-picoline to this solution. In the alkylation of L-picoline,
better results are obtained when the phenyl-lithium is added very slowly
to the L-picoline (151),

Alkylation of 2,l,6-collidine by the sodamide process proceeds
mainly at the - position. Alkylation by the lithium method gives
mainly 2,6-dialkyl-4~methylpyridine and a lesser anount of 2,4,6-tri-
atkylpyridine (74).

Alkali metals are used as catalysts in the alkylation of 2-pico-
line and lY~picoline with compounds containing an ethylenic double bend.
A mixture of 2-plcoline, sodium, and ethylene under 60 atms. pressure
heated to.120-130" gives a mixture of 2-propylpyridine (23%) and 2~
(3-pentyl)pyri dine ?126)(119). Under similar conditions 2-picoline
and butadiene give 2-{3-pentenyl)pyridine and 2-(5-nondienyl-2,7)
pyridine; styrene and 2-picoline give l-phenyl-3-{2-pyridyl)propane
{(150). Acrylonitrile reacts with 2- and L-picolines in the presence
of a bit of sodium to give pyridyl-butyronitriles and dicyanopyridyl
pentanes (32)(20). _ .

Picolines with methyl groups in the 2- or - position may be
alkylated in the vapor phase by reaction with ailphatic aldehydes (4,0).

Condensation. The reaction of picolines with aldehydes may be
consi dered a classic in the pyridine series. The methyl groups in
the 2- and the - position are reactive, whereas a methyl group in
the 3- position is not.

2-Picoline condenses with formatdehyde to give 2-ethanolpyridine
(8); Wh-plcoline gives l-ethanolpyridine (124).

2,4,6-Collidine presents a situation wherein the formaldehyde
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must decide whether it will react with the methyl group in the 4-
position or with one of the alpha methyl groups. Ia the presence of
a large excess of 2,l,6-collidine, the formaidehyde condenses almost
exclusively with a methyl group in the 2- position; only a trace of
the L~ethanolpyridine is formed (109). In the presence of a large
excess of formaldéhyde, the lL-~methyl group as well as both al pha
methyl groups react (96)(16). 2,4-Lutidine also reacts with formal-
dehyde, preferentiaily at the 2- position (110)(42).

4-Ethylpyridine has been condensed with formal dehyde (excess) to
give a mixture of dimethylol-ii-ethylpyridine (65.5%) and of monomethyl-
ol-i-ethylpyridine (26.6%)(131).

The introduction of the -N-oxide group enhances the activity of
picolines towards condensation reactions. Neither 2- nor l-picoline
will condense with ethyl oxalate, but their -N-oxides readily con-
dense with ethyl oxalate to glve the corresponding pyruvates (l).

Studies in our laboratory show that the presence of a chlorine in
the 2~ position of L-picoline retards the condensation activity of the
methyl group. U~Bromo-2=picotine reacted with formaldehyde to give
only a 9% yield of the corresponding ethanolpyridine 025¥.

To improve the yield of 2-(2-hydroxyethyl)=-3-picoline, the 2=
lithio derivative of 2,3-lutidine was reacted with paraformalidehyde.
2-Picolyl=-lithium reacts smoothly to give 2-ethanolpyridine (54).
2,6=Lutidine through its 2-lithio derivative has been condensed with
propionaidehyde to give a good yield of 2-(2-hydroxybutyl}6-methyl-
pyridine (68).

2-Picoline and L-picoline readily condense with benzaldehyde and
with substituted benzaldehydes. With benzaldehyde, it is difficult
to stop the reaction at the ethanol stage because of the ease with
which this alkine dehydrates to stilbazole. If it is desired to stop
at the alkine stage, it is suggested that the picoline be condensed
with the benzaldehyde in the presence of water and that no condensing
agent be used (138). The yield of alkine is increased by replacing a
hydrogen of the methyl group of 2-picoline with magnesium and conden-
sing the resulting 2-picolyl magnesium chloride with benzal dehyde (100).

Stilbazoles are the products usually obtained by the condensation
of aromatic aldehydes and 2-picoline and L-picoline. In general, the
reaction is carried out by refluxing a solution of the aromatic alde-
hyde, the picoline, and acetic anhydride (138)(28)(6u). Yields above
90% are not uncommon (7i).

Since 3-picoline does not condense with aldehydes, 3-stilbazole
cannot be made as are the 2- and L-stilbazoles. 3-3tilbazole has been
made by condensing 3-pyridyl acetic acid with benzal dehyde and then
decarboxylating the resulting beta-phenyi-alpha-3-pyridyl acrylic acld
(12). The methyl iodide quaternary of 3-picoline condenses with benz-
aldehyde in the presence of plperidine to give a smail yield of the
alkine (75).

Benzal dehyde condenses with 2,4~lutidine by adding a molecule of
the aldehyde to each of the methyl groups to give 2,4~distyrylpyridine
(60)(110) and also to give 2-styryl-i-methylpyridine (42). 2,6-Luti-
dine condenses with benzaldenyde to give a mixture of 2-methyl-5-
styrylpyridine and 2,6-distyrylpyridine (70).

The hydrogens of the methyl groups in 2- and h-picoline are com-
parable in reactivity to those of the methyl ketones. And, as would
be expected, the Mannich reaction applies to these compounds. 2~FPico-
line condenses with formaldehyde and diethylamine to give 2-{beta-
diethyleminoethyl)pyridine (145).

Formaldehyde in an alkaline medium reacts with 3-hydroxypyridine
to yield 2-hydroxymethyl-3-hydroxypyridine (146); 2~methyl-5-hydroxy-
pyridine cgives 2-methyi-5-hydroxy-6~hydroxymethylpyridine, indicating
the influence of the hydroxyl group is more dominant than that of the
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aipha methyl group (147). With Penzaldehyde, 2-methyi-3~hydroxypyri~
dine in an acid medium gives-2-styryl-3-hydroxypyridine (75).

. Clark-Lewis and Singh, J. Chem. Soc. 1962, 2379-82.
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